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(54) Soluble silicone resin compositions 

(57) The present invention refers to soluble silicone 
resin compositions having good solution stability, to a 
method for their preparation, to nanoporous silicone 
resins and coatings and to a method of making those. 
The silicone resins comprise the reaction product of a 
mixture comprising (A) 1 5-70 mol% of a tetraalkoxysi- 
lane described by formula Si(OR 1 ) 4 , where each R 1 is 
an independently selected alkyl group comprising 1 to 6 
carbon atoms, (B) 12 to 60 mol% of a hydrosilane 
described by formula HSiX 3 , where each X is an inde- 
pendently selected hydrolyzable substituent, (C) 1 5 to 
70 mole percent of. an organotrialkoxysilane described 
by formula R 2 Si(OR 3 ) 3 , where R 2 is a hydrocarbon 
group comprising ato 24 carbon atoms or a substituted 
hydrocarbon group comprising a hydrocarbon chain 
having 8 to 24 carbon atoms and each R 3 is an inde- 
pendently selected alkyl group comprising 1 to 6 carbon 
atoms; in the presence of (D) water, (E) hydrolysis cata- 
lyst, and (F) organic solvent for the reaction product. 
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constants. 

cally couple the individual circurt elements forrninn „n „ ° .5™"!? ,nterco ™ect levels that serve to electri- 
arated by an insulating or dielectric film. Previously a s iSTSdT^m ^ f** interconnect **** are typically sep - 

PECVD silicon oxide fi,m S and also ^2^^^ Pr ° V » de lower die! ^ic constants than CVD Z 

such materials that can provide electrically km^^l^S^T^ T" malen ' a ' S " nd methcdS ,or maki ^ 
20 .t » des.rab.e to have siloxane-based resins and method fTmalf ^ 3 ^ desirab,e " Edition 

^n^ 

irieth^^ 

an msu.ating matrix material and a materia, whid c££%£^™ **T 9 Compos * e comprising 
Release of the gas leaves behind a porous matrix of ttei'sv 2 9 3Ubjection t0 a verting process 

the c ompos , layer The ^ fom P m t ^'r wh lch has a lower dielectric consent than 

Sim" "u S P 0 " t0 8 C ° nVerting Pr0CeSS i3 »J Srbon rRatenal WhlCh Can bs co " verted to a 

from a *^ZZEZE2^ 3 P- - less than 10 0 nm made 

the decomposition temperature of the Lo mpo ^ 

not contain silicon atoms. P P ° lyme - 11,6 c °P^mers described are organic polymers that do 

prises "-^o^ coating on a substrate. The process 

onto a substrate while evaporating at leas" a pan^^S^Z^ water : ^posrting the mixt ure 

uatmg the chamber to a pressure below atmospheric oTessure e™ 3 k 8 ^ 9 S6aled Chamber and ^vac- 
b^ow atmospheric pressure and then » ^ ^ « • P-sure 

[0009] Japanese Laid-Open Pate it (HE\) ' 0 ?fl774~ 

resins having organic substituents ^^00^ ^^^ pr * paratibn of P 0 ™* «ms from siloxane-based 

uents which can be oxidfced at a temperature"^ 

strtuted groups as exemplified by S.S.S-trffluoropropyl' ISSXT^^^ 

group and vinyl group. P ° Py '' P P henet W group, t-butyl group, 2-cyanoethyl group, benzyl 

[0010] Mikoshiba et al., j. Mat. Chem 1999 9 mji c QD 

poly(methy| S ilse S quioxane)-fi| m s in order todecreaee the d/nl P °, T* 0 * to fabriCate *™ pores in 

bearing methy.(tri S i,oxysi,yl) units and ^Zto^JtEZ ^ d ' eleCtriC C ° nStant * the fil ™ CopS^ 
to provide rigid siloxane matrices. The filrnV ^S^^* ^So^TSi 0 ? * 8 SUbstrate a " d i £o£ 

holes are left corresponding to the size of the •uSa^^^^^ * * em ** ,abile 9™ps and 

were mvestigated as the thermally labile substituents Tr,fluo '°Propyl. cyanoethyl. phenylethyl and propyl groups 

r i ^po,y:°3~ 

such as toluene, have a -ab.e'soZ^ 

fi ms on electronic devices. Another objective is to provideTsiSne 11 , ^ electrica ^ 
strate. can be heated to form a microporous film having a '„ 
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„.„., „,*>* »^'*^^^^'^co W -«^ >»*. good so,*™ s»«y an* . 

Applying '» elec "";? °T r w ttLTa sS, d ) «*«> »<* b" * m m*p«>*™y 

oSriaing (A) 1 5-70 moK of »'«^ te ^ , ^^^ o ' 0 6 'n„ £ , 'f^osiiaiie d.schb.1 6, M« HSiX, 
saleaed alkyl group comprising ' » 6 -non -TJ^ 2 Jj2£« (O) '5 to 70 moie p.-cam of ar, „g„.0>«- 

the reaction product. ^^rih-ri bv formula { 1) The present inventors have unexpectedly 

[0 01 5] Component (A) is a tetraaikoxys tan. . as d escnbed by form la ( ) P ^ ^ ^ Qf 

discovered that the presence of component A) rr ™ ^ resin in organ ic sorvents. If the mo.% of 
ponents (A) + (B) ♦ (O is critical to the ^^-J^'J^ least p ar t ia „y insoluble in typical organic sol- 
component (A) is outside the descnbed range, ""^^ ™^gs It te preferred that the mol% of component (A) 
ventS used to form solutions of such »™ «^*° S^ndentry selected alky! groupcomprising 

t'etrame^oxysilane or tetraethoxysilane .^^T^TS^Coavoner^ (B) is added to the mixture in an 
[0016] Component (B) is a hydros.lane descnbed by formula ^, p ^ Qnent {B) 

Slit of 12 mo.% to 60 mo.% based upon, resin in organ", solvents. It is 
in an amount outside the descnbed range can I m.t the oun « ^ x . s & ^ q 

preferred thatcomponent (B) be added to the ato m in the presence of water under 

tyzable substituent. X is any substrtuen '~ P ^ do not adverse* impact the solubility or end 

important to providing a mechan,sm ^P™^'^"^^^ n gr0 u P , R 2 , which can be removed from the s.l- 
Component^C) comprises an unsubsttuted a ^S^!SS^SS^ In the resuming silicone resin coating, 
icon atom by thermolysis ^^^^^S^S^> control the degree of porosity of the resulting 
Therefore,the amount of »^ ne «f^ d t £ suostituents by thermolysis. Generally, an amount of component 
silicone resin afterdating to J^^J£" '^J a porosity too little to impart optimal dielectric propert.es 

irrra^r^ 

mol%to40mol%. ' ~ mDris ina 8 to 24 carbon atoms or a substituted hydrocarbon 

[0 018] In formula (3), R is a hydrocarbon group compns ng 8 to 24 ^ arbon 

grouo^singahydrocarboncha^ as ha , ogen> po * (oxyalkyte ne) 

group. The substituted hydrocarbon group can be ^st.tuted wnn te nd eferably a positive inte- 

9 grou P s described by formu.a <°f»^*f"^Z Z^Z^P^eL when R 2 is a linear alky, group 
ger of 1 to 6, alkoxy. acyloxy, acyl. a'^ 3 ^' a ^ alkyl group comprising 16 to 20 

^aT ^ n ° n "' ^ 

example, methy.. ethyl, propy., f inC,ude ooty^iethoxysilane, octyttri- 

[0020] Specific examples of OI ^ d ^^,^oSlilane and dodecyltriethoxysilane. Preferred b when 
methoxysilane. oa-**"^^ octadecyttrimethoxysilane and 
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15 



(CH3(CH 2 ) 17 -0-CH 2 CH 2 )S!{OMe) 3 , 
(CH 3 (CH 2 ) 6 C(=O)-(CH 2 ) s GH 2 )Si(0,Vle)3 > 
(CH 3 (CH 2 ) tr O-C(=0)-CH 2 CH 2 )Si(OM9) 3 and 
(CH 3 (CH 2 ) 16 -C(=0) T 0-CH 2 CH 2 )Si(OMe) 3 , where Me is methyl. 

excess so great as to cause a J-^selZeXS, ^ ? V ^ ^ M « 

amount of water added be 1.4 to 6 moles per mole of components Z e * * * that 1,16 
[oS] S ^ am ° Unt ° f 2 5 10 4 5 moles - ° n th « same baste ( Q " ^ m ° re preferred 18 when 1,16 
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f°r ] Component (E) is a hydrolysis catalyst and car. be anv 0 f thos* a ^,n^ • 

m the art to catalyze the hydrolysis of subsets <rom ion 1 1 S ''^^ **** and bases know " 

can be an inorganic base such as potassium hydrox'dT o solm^J w T*"' * The h ^' sis ca * al ^ 

ganic acid such as hydrogen chloride, .um»lc2^nS^^2w^ T?^ ^ be ^ 

the reaction mixture or. in the case where component (^^^^^alMteTO^rra/S a . Can be ad «* - P aratety to 

will depend upon the chemical composrtion oZTSS ss ll^Z7 (AV(B) "* (C) and the °P timal *™»<* 
occur. Generaliy. the amount of hyLysis cata.y^ ^ J TtSZT" f "** ^ ™«™ 
(B) and (C). Preferred is when the amount of hydrolysis l^l n i L n o P' 5 m °' e Per m ° ,e cf c ^P°nents (A), 
[0024] Component (F) is an organic solv^Z ^ , ° 3 m ° ! ' 3 on 9,6 same basis - 
mixture of organic solvents in wh^h i £^^££££ aTomt (F) * * Ry ° r 9 anic «*»"t or 

include ketones such as methyHsobutyifcaton an i ZZ ^Zrc^ZTT^ E * amples 0f 

isobuty. isobutyrate, benzotrifluoride propylene TsoS oS^t f UCh t0lUene ' ^' lene ' mesHylene. . 

and n-octene. The amount of organic' L'ent ^^^fE^S P^lorobenzotrfluoride 
product, .n general it is preferred that the organic solvit ^^70^ST O9l, ' maU8 ° f the reaction 

ponents (A) thru (F), and preferably 85 fo 85 weight perc^t P ercent of total weight of com- 

<«r^ 

tare, to the first mixture along with mixing to effect torneZof t^ ^ ^ T"^* eithers eparateV oras a mix- 
uct is effected at any temperature within a ranS ^'c Jo o 0 o C ^ "T*' ^ ,0m,ati ° n ° f the reaction P"* 
preferred process after the resulUng reactions conpSed volS. ^ ,em P eratura bei "S preferred. In the 

reduced pressure to isolate a resin solution. Such ^S^S^.'^ ^ the reaCti0n «"*r 
vents. If desired, all solvent can be removed from thef^n "o^ltT b ^™ ducte ' e)tcess catalyst and sol- 
isolate a solid resin, the temperature of the resTn s 0 .u?o^shou^ f . When Km0 ^ s " so,vente *» 
range of 30«C. to 50°C. Excess heat can ^^S^^^S^ ?™ ^ within a 

by-products may be separated from the reaction p oduTt b «o 'ZZ T * >Mto 

phase separation to recover a solution of the si.icone JLZ solvent " WSSheS ° f Water With interim 

LtaLi^rt^wrrs 

30 mol% of SiOH and 0 to 10 mol% Si-OR^ ^scnbed. It « preferred that the silicone resin comprise 10 to 

Erage^roTr^^^^ 

referred to as the "bodying method") The S^SS^JoSSSi 7? ab ° Ve (hereafter 

organic solvent at 1 0 to 60 weight percent in tteZseT 'ol ^n onZ a ° 7"* ' M °" ° f the Si,ic0ne resin a " 
at a temperature sufficient to MconiJmZZZ^^ Sn to C ° nde " Sat,0n cata ^ <«> ^^"9 the solution 
to 400,000, and (iii) neutralizing the soVem sZtion of slcone el I ""T Z™ 9 * m °' eCUlar Wei 9 ht of "> 0 ™0 
silbone resin be present at 20 to 30 weight p^lnt in iTZ^J^T* ' (0 ° f thfe meth ° d; ,he 
orgamc solvents described above. The optional condensation^tlf^ ^ J S ° Went Can be anv of 

describ d above as hydrolyis catalysts £SZ^!S^^^^ "7 W ' S of thos « a =^ and bases 
Coride a taconcen.ti O nofSto200 weight P-HC^^ 
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=£, Thetemperatureatwhichthe^^^^ 

Sre of the soluL. In a preferred method, the so. -on rfrtcon. resm x ^ ^ ^ ^ 

average molecular weight. In step (ii). it is P'f "* d 0 f the method, the solvent solution of silicone 

TasTweight average molecular weight of 1 50 000 to^^ 

En', neutralized. Neutralization is ^22^-^^ °" e ° r m0W " " ^ 

the solvent under reduced pressure and ^.ssoMng tne described above. 

Tho nrnanic SO | V ent used for the neutralization step is any ot tne org* dissolving the silicone resin in an 

present invention refer to porous silicon Ves.ns and J™"^^ refers to a method for. forming a nanoporous 

*on of'silicone resin in the organic solvent ,s not P^"' a ^a t am P ^ ^ t g proc . 

which L silicone resin is soluble and ^Pr^^SSlrtS 10 w.25 weight percent is preferred. The s,l,- 
Is Generally, a concentration of silicone resin in the coatings on electronic components such as 

cone resTnT coated on the substrate by standard ^^^^Sa^ silicone resin coating is then heated 
soin co^ng. flow boating, dip coating and spray coating The*** ^ I™ 9 ^ ^ 

Preferably 'an inert atmosphere at a temperature ^SSSS ^single-step process or as a two-step process to 
Tf^groui from silicon atoms. The Seating .may be conduct^as a ^ ^ & temperature sufficienUo 

the two-step process the silicon resin ■ b- hjtod in | pret J Generally> tWs temperature is from 20 C 

are effected simultaneously by heat.ng.the ^f**™™** backb one or that which causes undesirable 

«, up to the .essor of the decomposition ^T^^XS^X^ ° f ^ *° * 3 ^ 

effects on the substrate: Generally, rt is preferred that ™"' n 9' e £ • most preferred. 

^ater than 350°C. to 600°C with a temperature of 400 C. to S 150 O g heati ng proc- 

?S The method for forming the nanoporous ^ "^SS because .he presence of oxygen 

Smsssssss^ 5 ^- 

known in the art. for example, argon. ^"""J^ described method are particularly useful as low dielectric eon- 
rO0331 • The nanoporous silicone resins °™ ed b * ™/J S " nanopor0U s silicone resin coatings prepared by the 
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Example 1 - Sample 1.1 throug h 1-ia 



s sl sszzzzxsz r 9 in • -~ <*>■ « <=> - « - 

(A) tetraethoxysilane, (B) triethoxysilane 

(C ana (F) m jxt ure oj ^ ^ ^ (M , BK) aM Kiuene ^ w ^ ^ 

- sv .nrrzurs ^ jets r~ * - — « - 

stnpped of volatiles under reduced pressure a 60°c rZ °T ™ / > WBS ^ 7,16 resultir '9 rea <*°n product was 
toluene solubility by adding 8.3 g of toluene tc 1 7 c Tof Z * J ^ S0,id sWc °™ 

was tested for 

The solid was considered soluble in the toluene if I clea i I < ^ h0Uns ™* completed 

observed. The toluene solubility is also reported in jlZ tS, ^ ^ n ° partic,es or S ete where vteuall 
» of the mor% of components (A) and (B) onso.ub ^he ZoZTJ^ " ^ 1 de ™" strate *. importance 
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Table 1 

f Components \ 

in Toluene 




* not an example of the present invention 
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Examp]e3 FvamDle 1 with Component 

provided in Table 3. 

Table 3 
Wt Parts 
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E * gn3Gi ^ rta molecular weights of silicone resins, 

treatment were toluene soluble. 



7 



EP 1 095 958 A1 




Exam ple fi 
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Mixture of MIBKand Toluene (85:15 wT5afo) 



Slid h JT 9 ' an ySiS (HOrVath ' J: Chem - E "9 1983 W f 6 " ^ J™ , SUrfaCe area *« determined to 

5!n a A m,Cr ° P ? re V °' Ume ° f 0 41 a Po- size Zin Inn * ^""P* 0 " *»■ indicated «* the 

I0M4J A sample of the solid silicone resin was also 7 ' " d & median P ore size of 0 83 nm 

nt; r of T : e 2 r ,edsi,icon wafer was heated ^ ^ to ir and used to ~* * *«. 

of ,. 2 m(crons wrth a thjckness varjaijon of o ^ , < S^ ( ^«;1 hour. The resulting fi.m had a 

Exam ple 7 

[0045] Samples 7-1 through 7-4 werP nrpn a «^ u - - 
» described below in the amount % ^ m 3 9 ' ass <*>™™ - mponents (A) , (B) , (C) ^ (p) as 
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45 



(A) 
(B) 
(C) 
55 (F) 



tetraethoxysilane, 
As indicated in Table 6, 
octadecyltrimethoxysilane, and 

mixture of methyl isobuty, ketone (MIBK) and toluene (85:15 weight ratio). 



w W. (B) and (C) m each sample were 30%, 50% and 
f 
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20%. The resulting reaction product was stripped of volatiles under reduced pressure at 60 °C. The solubility of the 
resulting solid silicone resin was tested for MIBK solubility by adding 8.3 g of MIBK to 1 .7 g of the solid silicone resin 24 
hours after stripping was completed. The solid was considered soluble in the solvent if a clear solution was formed and 
no particles or gels where visually observed. The MIBK solubility is reported in Table 6. 



Tabl 6 



Characterization of Silicone Resin Compositions 


Sample 


Type of 


Wt. Parts 


MIBK 


No. 


(B) 


(A) 


(B) 


(D) 


(E) 


(F) 


Soluble 


7-1 


MeSi(OMe) 3 


0.83 


0.91 


0.87 


0.081 


14.4 


yes 


7-2 


MeSICI 3 


0.83 


1.00 


0.87 


0 


13.5 


yes 


7-3 


PrSiCI 3 


0.83 


1.18 


0.87' 


0 


15.3 


yes 


7-4 


PhSiCI 3 


0.83 


1.41 


0.87 


0 


17.6 


yes 



20 [0047] Samples 7-1 , 7-3, and 7-4 were heated to make porous resins and porosity was determined. A sample of 
the solid resin was placed in a crucible and heated at 500°C in nitrogen for 0.5 hour. The resulting solid was tested for 
nitrogen adsorption at 77°K using a Micrometrics ASAP 2000 Accelerated Surface Area and Porosimetry System 
(Micrometrics Instrument Corporation, Norcross, GA). H-K analysis (Horvath, J. Chem. Eng. Jpn., 1983, Vol. 16, p. 476) 
of the adsorption data was used to determine median pore sizes and micropore volumes. The results are shown in 

25 Table 7. 



Table 7. 



Nitrogen Adsorption Data For Nanoporous Resin Compositions 


Soluble resin sample no. 


BET surface area, m 2 /g 


Micropore volume Cc/g 


Median pore diameter 
nm 


7-1 


" 386 


0.180 


0.62 


7-3 


, 437 


0.203 


0.60 


7-4 


' ' 564 


0.263 


0.57 



[0048] ' Samples 7-1 , 7-2, and 7-4 were cbatedon a substrate and physical characteristics of the coating on the sub- 
40 strate determined. A sample of the solid silicone resin was dissolved at 1 7 Wt.% in MIBK and used to spin coat a silicon 
wafer. The coated silicon wafer was heated in a nitrogen atmosphere at 450°C for 1 hour. The thin film data is shown in 
Table 8. • • 



Table 8 



Data For Thin Films 


Soluble resin sample no. 


Film thickness nm 


Dielectric constant 


7-1 


887 


1.87 


7-2 


698 


1.97 


7-4 


693 


2.60 



55 Claims 



A silicone resin comprising the reaction product of a mixture comprising (A) 15-70 mol% of a tetraalkoxysilane 
described by formula Si(OR 1 ) 4 , where each R 1 is an independently selected alky I group comprising 1 to 6 carbon 

t 



o 
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atoms, (B) 12 to 60 mol% of a hydrosilane described by formula H3iX 3 , where each X is an independently selected 
hydrolyzable group, (C) 15 to 70 mole percent of an organotrialkoxysilane described by formula R 2 Si(OR 3 ) 3) where 
R 2 is a hydrocarbon group comprising 8 to 24 carbon atoms or a substituted hydrocarbon group comprising a 
hydrocarbon chain having 8 to 24 carbon atoms and each R 3 is an independently selected alkyl group comprising 
1 to 6 carbon atoms, the mole percentages being based upon the total moles of components (A), (B) and (C)- in 
the presence of (D) water, (E) hydrolysis catalyst, and (F) organic solvent for the reaction product ' 

2. The silicon resin of claim 1, whereby the reaction product has a weight average molecular weight of 100 000 to 
400,000. 



3. A method for making a silicone resin comprising forming and reacting a mixture comprising (A) 15-70 mol% of a 
tetraalkoxysilane described by formula Si(QR 1 ) 4 , where each R 1 is an independently selected alkyl group compris- 
ing 1 to 6 carbon atoms, (B) 12 to 60 mol% of a hydrosilane described by formula HSiX 3 , where each X is an inde- 
pendently selected hydrolyzable group, (C) 15 to 70 mole percent of an organotrialkoxysilane described by formula 
R Si(OR ) 3 , where R 2 is a hydrocarbon group comprising 8 to 24 carbon atoms or a substituted hydrocarbon group 
comprising a hydrocarbon chain having 8 to 24 carbon atoms and each R 3 is an independently selected alkyl group 
comprising 1 to 6 carbon atoms; in the presence of (D) water, (E) hydrolysis catalyst, and (F) organic solvent for the 
reaction product 

4. A method according to claim 3 where the mixture comprises 1 .4 to 6 moles of water per mole of components 
(A) + (B) + (C) . 

5. A method according to claim 3 where the mixture comprises 0.02 to 0.5 mole of the hydrolysis catalyst per mole of 
components (A) + (B) +- (C) . 

6. A method according to claim 3 where the hydrolysis catalyst is hydrogen chloride. 

7. A method according to claim 3 where the mixture comprises 70 to 95 weight percent of the organic solvent for the 
reaction product 



L A method according to claim 3 where the reaction product comprising the silicone resin is neutralized and the sili- 
cone resin is dissolved in an organic solvent and 0.05 to 0.4 weight percent water is added. 

i. A method according to claim 3 where the reaction product comprising the silicone resin in an organic solvent is 
heated in the presence of an optional condensation catalyst at a temperature sufficient to effect condensation of 
the silicone resin to a weight average molecular weight of 100,000 to 400,000. ' 



10. A silicone resin obtainable by the method of any of claims 3-9. 

11. A method for making a nanoporous silicone resin coating on a substrate comprising the steps of (a) coating onto a 
substrate a silicone resin composition comprising the silicone resin of any of claims 1 , 2 and 1 0, and (b) heating the 
coated substrate at a temperature sufficient to effect curing of the silicone resin and thermolysis of R 2 groups from 
silicon atoms thereby forming a nanoporous silicone resin coating on the substrate. 

12. A method according to claim 1 1 where the heating of step (b) is conducted as a two-step process with the coated 
substrate being heated in a first step at a temperature of from 20°C, to 350°C, and heated in a second step at a 
temperature of greater than 350°C, to 600°C. 



13. A method according to claim 1 1 where the coated substrate is heated in an inert atmosphere. 

1 4. A method according to claim 1 2 where the heating in the first step and in the second step are conducted in an inert 
atmosphere. 



15. A method for making a nanoporous silicone resin comprising the step of heating a silicone resin composition 
prising the silicone resin of any of claims 1 , 2 and 1 0 at a temperature sufficient to effect cure of the silicone 
and thermolysis of R 2 groups thereby effecting formation of a nanoporous silicone resin. 

16. A substrate coated with a nanoporous silicone resin obtainable by a method of any of claims 11-14. 
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1 7. The substrate of claim 1 6 wherein the nanoporous silicone resin coating has pores less than 20 nm in diameter. 

18. The substrate of any of claims 16 and 1 7 wherein thr nanoporous silicone resin coating has a dielectric constant of 
less^thjapi 2. 

19. A nanoporous silicone resin obtainable by the method of claim 15. 

20. A nanoporous silicone resin of claim 19 having pores less than 20 nm in diameter. 
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